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Magnetic modelling of the Umvimeela and East dykes
The formation of the Archaean Zimbabwe craton ( Fig. 1 ) was the culmination of events during the circa 2 900-2 600 Ma time span (Wilson, 1990) , It is bounded to the north by the Pan-African Zambezi Belt, to the east by the Pan-African Mozambique Belt and to the south by the Archaean-Proterozoic Limpopo Belt. The intrusion of the Great Dyke at 2 461 ±16 Ma (Hamilton, 1977) was the first major igneous event after the cratonization. The Dyke is 550 km long and up to 11 km wide and extends in a NNE-trending direction from the Limpopo Belt in the south into the Zambezi Belt in the north. Running nearly parallel to the Dyke for its entire length are its main satellites, the Umvimeela (to the west) and the East dykes. These are composed of quartz gabbro and, on structural and petrological grounds, were correlated with the Great Dyke by W orst (1960) . McElhinny and Gough (1963) and Jones et al. (1975) confirmed this relationship with their palaeomagnetic results. The Great Dyke and its satellites are described and analysed by W ilson and Prendergast (1988) . The Dyke represents the remains of a series of near contiguous layered igneous bodies which are Y-shaped in cross section passing downwards into a feeder. A gravity survey across the Great Dyke showed that the dunite feeder is not always vertical (Podmore, 1985; Podmore and Wilson, 1987) . The satellites are generally undeformed except for relatively small offsets associated with a num ber of cross cutting faults (Mchingwe Fault set). They are however extensively deformed at the northern end within the Zambezi Belt. The dykes often crop out on the surface but their margins are rarely exposed and only rough estimates of dyke thicknesses and dips have previously been given.
The Limpopo Belt is a major geological feature of southern Africa but its origin and subsequent development are still far from fully understood (Barton, 1983) . It is an ENE trending zone lying between the Zimbabwe and the Kaapvaal cratons about 600 km long and ranging in width from 240 to 320 km. Most of the recent models attempting to exp lain its ev olu tion have invoked continental collision, with rocks of the Kaapvaal craton thrust onto those of the Zimbabwe era ton. The Great Dyke terminates (Van Breemen and Dodson, 1972) and has also been detected in palaeomagnetic studies (Jones etal., 1975; Morgan and Briden, 1981) . This event, which coincided with a major igneous event in the Zimbabwe era ton, the Mashonaland Igneous Event (Wilson, .1990 ) was accompanied by widespread reactivation of the overal 1 Great Dyke fracture pattern with dykes being intruded into some of these fractures (Wilson, 1990 ). The present work, which extends that of Podmore and Mushayandebvu (1990) , has involved a detailed study of a number of aeromagnetic profiles over the Umvimeela and East dykes.
Magnetic data
The data were collected in the first phase of an aerom agnetic survey program m e of Z im babw e funded by the C anad ian International Development Agency in 1983. The survey was carried out at a mean terrain clearance of 305 m with EW traverse lines spaced 1 km apart and NS tie lines every 14 km. Total magnetic field data was obtained using a proton m agnetom eter w ith a resolution of 0.25 nT. The flight path was recovered from 35 mm track film and transferred onto aerial photographs. The paths were further transferred to topographic maps and digitized. The Doppler system was used to aid in navigation. The data used in this study were made available by the Geological Survey of Zimbabwe in grid form (125 m grid spacing), together with the accompanying aeromagnetic geophysical series maps. The data were not pole reduced and the IGRF had not been removed. Profiles, about 8 km long, were selected from the grids using the Geosoft™ geophysical package. This normally entailed identifying a suitable location from the aeromagnetic m aps and then reading off the UTM coordinates of the start of the profile. The aeromagnetic maps show the flight lines and profiles close to flight lines were generally chosen in order to reduce errors introduced by digitizing and interpolating between flight lines. Seventy one profiles were extracted for the Umvimeela dyke and thirteen for the East dyke.
Magnetic modelling
Geosoft MAGMOD-3rM was used to model the profiles. The models used assumed a 2-dim ensional tabular body extending to infinity laterally and to a great depth. A mean initial susceptibility for the dyke (expressed in cgs emu for Geosoft™) of 6.5 x 1CH (Mushayandebvu, 1991) was used and held constant during the modelling. The strike of the dyke is around 10° with the profiles running EW. MAGMOD-3™ projects the readings onto a profile perpendicular to the dyke. The remanent magnetization of the Umvimeela dyke is D = 219.8°, I = -58.7° and a93 = 3.3° (M ushayandebvu, 1991) . The remanent magnetization of the East dyke is D = 2 04.6°, I = -56.2° and a95 = 9.2° (Mushayandebvu, 1991) . The geomagnetic field was taken to have an inclination of -55° and a declination of -10°. The Geosoft program allows for a regional field to be removed from the profiles and this was estimated by choosing a profile much longer than is necessary to cover the dyke.
Rem anent m ag n etizatio n , often a complication in magnetic interpretation, is here a very significant factor. For the Umvimeela and East dykes, the component of the remanence direction in the plane perpendicular to the dyke is very close to that of the present geomagnetic field. Hence the anomaly could be modelled as either fully remanent or fully induced. If the magnetization is assumed to be induced then very high susceptibility values around 0.1 emu are required to produce the observed anomalies. But with the susceptibility fixed the con trib u tio n of the rem an en t magnetization is more significant as shown by the ratio of the remanence to the induced magnetisation, the remanence ratio, in Tables  1 and 2 . Two profiles with their modelled results are given in Fig. 2 .
Results from the Umvimeela and East dykes
The results from the Umvimeela dyke are presented in Table 1 . Location of the profiles is given in UTM coordinates and the profiles run EW. The Geosoft™ notation used to represent the dips gives a dip of zero for a horizontal dyke extending to the east and a dip of 180" if it is extending to the west. The topographic maps which cover the profiles are listed. The results give an average width for the dyke of 204 m with a large standard deviation of 130 m. The large uncertainty could represent actual variations in the width of the dyke or variations in the magnetic susceptibility. An average dip of 80.6° towards the Great Dyke was obtained. This has a standard deviation of 13.6° with a standard error in the mean of 1.6°. This gives a 95% confidence interval for the mean of 79.0° to 82.2 J. Strictly speaking one should not be using normal statistics since the dip is a vector, but this was carried out as a first approximation, bearing in mind that the dyke does not vary much in its strike direction. It has also been noted that each model gives a best fit value for the main parameters (i.e. dip, width, remanence ratio) under the assumptions of the 2-dimensional tabular model. Things might be different with different assumptions. It is therefore not surprising that there is a lot of scatter in dip and width. As a result it is felt that these statistics should not be given any rigorous statistical treatment with only the means and the graphical presentation being used. An average ratio of remanent to induced magnetization of 20 was obtained. Fig. 3 (a) shows the way the dip of the dyke varies over its length and it shows the large scatter of the dip. Points south of coordinate UTM 7 800 000 (which roughly coincides with latitude 20.5°S) have been plotted with a different symbol. Even with the large scatter in the points it is obvious that there is a change in the mean of the dips at this point. The mean to the north is 83.9° while to the south it is 70.1° giving a difference of 13.8° between the two means.
The results from the East dyke (Table 2) give an average thickness for the dyke of 106 m. An average dip of 84.5° away from the Great Dyke was obtained with an average ratio of remanent to induced magnetization of 11. Fig. 3 (b) shows the variation of the dips with location. Dips at points south of UTM coordinate 7 800 000, when compared to those to the north, show a similar difference to that observed with the Umvimeela dyke. The mean to the north is 89.0° and to the south it is 80.4
Rotation of the southern section of the Great Dyke
The results have shown that there is a systematic difference between the dips of the Umvimeela and East dykes north and south of the UTM coordinate 7 800 000. This difference could be explained as being due to a difference in altitude at the time of em p lacem en t of both dykes, or as representing a rotation of the southern section relativ e to north, after em placem ent. Palaeomagnetic results from the Umvimeela dyke (Mushayandebvu, 1990) ha vebeen used in an attempt to resolve this question. Figs. 4 (a) and 4(b) show the variation of the declination and inclination of the primary magnetization of the Umvimeela dyke. Three sites at its southern end suggest a change in the remanent magnetization with both the declination and inclination having higher values than in general. The mean of the directions of magnetization to the north of latitude 20.5°S is D = 217.0° and I = -57.6° and that for the south is D = 232.2° and I = -62.6° with the angle between the means being 9° The mean directions are now labelled PN -and Ps respectively. If a single rotation of the southern section results brings both dips and remanent magnetization into agreement with those to the north, this would support the rotation hypothesis. The mean directions of magnetization Px and Ps have been plotted on an equal angle stereonet (Fig. 5) . The pole of rotation that would take Pginto PN lies in the plane which is the normal bisector of the angle between Ps and PN, as shown on Fig. 5 . If the directions of dips of the dyke are represented by normals to the dyke, then the northern section has a declination of 100° with a mean dip of -6.1° while the southern section has the same declination with a mean dip of -19.9°. The two directions are now labelled DN and Ds respectively. The tilt of the southern section that would bring Ds to has a pole of rotation w hich lies in the plane which is the normal bisector of the angle between Ds and Dx . The two planes intersect at point R (Fig.  5) corresponding to a declination of 83° and an inclination of -12 . This represents the only pole of rotation that would take P? to PN and Ds to Dv and the direction is roughly parallel to the northern margin of the Limpopo Belt. However, different magni tudes of rotation are required for the tw'o data sets; the better defined palaeomagnetic directions require a rotation of about 10°.
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The difference observed in dips and in the direction of the remanent magnetisation could be explained by a tilting of the region south of latitude 20.5 S and extending EW to include both the Umvimeela and the East dykes. The affected zone, if not limited by the cross-cutting Mchingwe Fault set, could be extended to represent a regional tilting of the Z im babw e craton ad jacen t to the Limpopo Belt, over a zone about 100 km wide. The direction of the pole of rotation suggest a rotation/ tilt as a result of Limpopo Belt activity.
A regional tilt of about 10° over a 100 km w ide zone would imply a vertical difference of about 16 km between the edges of the zone. The tilt could either represent a block tilt or a limb of a gentle fold. No other sign of this d ifferen ce in levels, eith er from stratigraphy or metamorphic grade has been previously reported. If the inferred rotation did occur it would have implications in the continent-continent collision models of the Limpopo Belt which have rocks of the Kaapvaal craton thrust onto the Zimbabwe craton.
Summary and conclusion
Models of the Umvimeela and East dykes of Z im babw e have been deduced from aeromagnetic data. The models show the two dykes are essentially vertical north of latitude 20.5°S with a dip of 84 towards the Great Dyke for the Umvimeela dvke and 89° away from the Great Dyke for the East dyke. There is a lot of scatter in the dips. There is a large variation in the width of the dykes with the Umvimeela dyke giving a mean of 204 m and 106 m for the East dyke. The large errors may represent true variations in width or result from variations in the m agnetic susceptibility. Both dykes have shallower dips south of latitude 20.5°S. The Umvimeela dyke dips at 70' and the East dyke at 80°. This, together with palaeomagnetic data from the Umvimeela dyke, suggests a tilting of the Zimbabwe craton adjacent to the Limpopo Belt of about 10° over a zone about 100 km in width. The direction of the rotation pole is roughly parallel to the northern margin of the Limpopo Belt with a declination of 83° and an inclination o f-12° suggesting that the tilting is a result of Limpopo Belt activity.
The regional tilt would imply a vertical difference of about 16 km between the edges of the zone. No stratigraphic signs or changes in metamorphic grade have been reported to support the tilting. There is the possibility that the affected zone was limited by the cross-cutting Mchingwe Fault set. If the inferred rotation did occur it will have im plications in the continent-continent collision models between the Zimbabwe and Kaapvaal plates of the tectonic history of the Limpopo Belt.
